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METHODS FOR INHEBITIING GRAFT VERSUS HOST DISEASE IN BONE 

MARROW TRANSPLANTATION 

5 Allogeneic bone marrow transplantation (BMT) is an effective treatment for many 

hematological malignancies and severe aplastic anemia (see e.g., Thomas, E.D. (1983) J. 
Clin, Oncol 1:517-531; O'Reilly, RJ. et al. (1983) Blood 62:942-964; and Storb, T. et al. 
Semin. Hematol. 2:27-34). However, the alloreactivity of T cells within the donor bone 
marrow to recipient cells leads to a potentially fatal condition referred to as graft versus host 

1 0 disease (GVHD). One therapeutic approach which has been taken in an attempt to minimize 
or eliminate GVHD involves administration to the transplant recipient of a general 
immunosuppressant, such as cyclosporine A or methotrexate (see e.g., Kapoor, N. et al. 
(1989) Bone Marrow Transplant 4:153). Use of such agents, however, is associated with 
deleterious side effects, including kidney damage and an increased susceptibility to 

1 5 infections. Another approach taken to minimize or eliminate GVHD has been to deplete 
donor bone marrow of T cells in an attempt to remove alloreactive T cells (see e.g., Martin, 
P J. et al. (1987) Adv. Immunol 4Q.379). While T cell depletion has been found to reduce the 
occurrence of GVHD, this treatment also reduces the success of bone marrow engraftment. 
Additionally, depletion of T cells from donor bone marrow used to treat hematological 

20 malignancies reduces the anti-leukemic activity (also referred to as the graft versus leukemia 
response, or GVL) of the donor cells (see e.g., Goldman, J.M. et al. (1988) Ann. Intern. Med. 
ifl&:806-814; Marmont, A.M. et al. (1991) Blood 1^.2 120-2 130). Thus, while the presence 
of alloreactive T ceils within a bone marrow graft has the detrimental effect of inducing 
GVHD. the presence of at least some T cells within the graft is beneficial both for successful 

25 engraftment and for anti-leukemic responses. A therapy that effectively inhibits the 

responses of alloreactive T cells within donor bone marrow while permitting the continued 
presence and function of other T cells within the graft would therefore be of great advantage 
in the addressing the problem of GVHD while promoting the efficacy of bone marrow 
engraftment. 

30 The induction of a T cell response has been shown to require two signals: a first 

signal provided by stimulation through the antigen-specific T cell receptor (TCR) on the 
surface of the T cell, and a second signal (termed a costimulatory signal) provided by ligation 
of one or more other T cell surface receptors. Engagement of the TCR alone (i.e., signal 1) in 
the absence of a costimulatory signal (i.e., signal 2) induces a state of unresponsiveness, or 

35 energy, in the T cell. A costimulatory signal can be generated in a T cell by stimulation of 
the T cell through a cell surface receptor CD28 (Harding, F. A. (1992) Nature 356:607-609). 
Ligands for CD28 have been identified on antigen presenting cells (APCs). CD28 ligands 
include members of the B7 family of proteins, such as B7-1(CD80) and B7-2 (CD86) 
(Freedman, A.S. et al. (1987) J. Immunol 112:3260-3267; Freeman, GJ. et al. (1989) J. 
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bmmmoL 141:2714-2722; Freeman, G.J. et al. (1991) J. Exp. Med. 124:625-631; Freeman 
G.J. et al. (1993) Science 262:909-91 1 ; Azuma, M. et al. (1993) Nature 3J&76-79- Freeman 
G.J. et al. (1993) J. Exp. Med. 122:2185-2192). Additionally, B7 family members have been 
shown to bind another surface receptor on T cells related to CD28 termed CTLA4 (Linsley 
P.S.(1991 ) y.£r /> Med. 174:561-569; Freeman, G.J. et al. (1993) Science 262:909-91 1) 

The characterization of the receptors and ligands involved in T cell costimulation has 
led to therapeutic approaches based upon induction of antigen specific T cell 
unresponsiveness by blocking of a costimulatory signal in T cells. For example, a CTLA4Ig 
fusion protein, which binds both B7-1 and B7-2, has been used to inhibit rejection of cardiac 
allografts and pancreatic islet xenografts (see e.g., Turka. L.A. et al. (1992) Proc Natl Acad. 
Sci USA 89, 1 1 102-1 1 105; Lin. H. et al. (1993)./. Exp. Med. 128:1801-1806; Lenschow D J 
et al. (1992) Science 257, 789-792). Similarly, antibodies reactive with B7-1 and/or B7-2 
have been used to inhibit T cell proliferation and IL-2 production /* vitro and inhibit primary 
immune responses to antigen in vivo (Hathcock K.S. et al. (1993) Science 262 905-907- 
Azuma, M. et al. (1 993) Nature aM:76-79; Powers. G.D. et al. (1 994) Cell. Immunol. 1 53 
298-31 1 ; Chen C. et al. (1994) J. Immunol. 152, 2105-21 14). However, effective methods 
for inhibiting T cell responses in bone marrow transplant situations which avoid the need for 
general immunosuppression of the transplant recipient and overcomes the drawbacks of T 
cell depletion in bone marrow transplants are still needed and would have widespread 
therapeutic applications. 

Summary of thi> n vtrtrmiiirfn 

This invention features improved methods for inhibiting graft versus host disease in a 
bone marrow transplant recipient while preserving T cell mediated function against both 
tumor and pathogens in the recipient. This invention is based, at least in part on the 
discovery that an inhibitor of a costimulatory signal in T cells can be used in vitro to inhibit 
inappropriate donor T cell responses to alloantigen and. thus, inhibit graft versus host disease 
m bone marrow transplantation. The inhibitor of a costimulatory signal in T cells is 
preferably an agent which inhibits an interaction between a costimulatory receptor on the T 
cell (e.g., CD28 and/or CTLA4) and a costimulatory molecule (e.g., B7-1 and/or B7-2) on a 
cell presenting antigen to the T cell. Thus, the inhibitor of a costimulatory signal can be. for 
example, an antibody (or fragment thereof) which binds the receptor or the costimulatory 
molecule, a soluble form of the receptor or costimulatory molecule or a peptide fragment or 
other small molecule designed to inhibit a costimulatory signal in T cells. A preferred 
inhibitor is a soluble CTLA4-immunoglobulin fusion protein (CTLA4Ig) or an anti-B7-l 
antibody or an anti-B7-2 antibody. A much preferred inhibitor is a combination of an anti- 
B7-1 and an anti-B7-2 antibody. 

According to the method of the invention, a T cell response is inhibited by contacting 
the T cell in vitro with at least one inhibitor of a costimulatory signal in an antigen specific T 
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• • u w lM m^ft versus host disease in a bone marrow transplant 
cdl. te parted, for me . mhtbrang graft vers* <»* or , ^ 

recipient. an agent such as .combutauo of anu-B7-l ana .nu 

f „™ of ctla4 r?zzzr£?J£££<~ — 

T cell responses to ceUs expresses "^^T^, ^ «. inhibitor of . 

• ^^tHrtut farther iw vivo treatment of the recipient wiui ui 

immunosuppressive agent (e.g., cyclosporin a; u« 
1 0 recipient. 

B-^^SS»«ion oft - P~n ta a 

15 — ^ of T eel, proliferation in a pn^ mixed 

^pho^on^ HLA disparate 

Tnocional antibody, a»ti-B7-2 monoclonal *^/Jl ol agains, 

monoclonal antibodies. CTLA4Ig. control ,mmuno B lobul.n (Clg) 
20 peripheral blood lymphocytes. r .„„,., ions of T cell proliferation in response to 

Flg ur« *l W » « ™£ (i;B P 7 . 2) „, allogeneic peripheral 

either N1H3T3 cells .refected wtth »™<»^£ ^ ^ doses of CTLA41g . belo» 
blood lymphocytes bone marrow proliferanon treated witn 

, ug/m.:Figure 3A and from . to 10 ^f**™™* of T cel. proliferanon assay of a 

Fig ure 4 is a graphic ^following a primary MLR 

secondary MLR against the ongmal donor cells uw p y „ 
performed in the presence of media alone, cyclosponn A CsA) anan , _ 
Itibody, an antiJCAM-1 antibody, CTLA41g, an anu-B'-l anfbody. 

„, a combination of an a».i-B71 and an »"; B7 - 2 ^ proiiferation assays of 

F/gwe 5 ^ are gr^hic repres.nut.or. of th — * P 

. seconds MLR after cultunng the ce Usfor M> J£ • ^ ^..^ 

of anti-B7-l antibody (a). anti-B7-2 .nobody (b). CTLA41g ( c> 

(d) rt r ailoreactive precursor helper T lymphocytes (pHLT) 

Ffcure 6 depicts the frequency of alloreacuve prec r ■ 

35 i„ full, M^C matched dono, ^^^^'^S^ — 
presence of media alone, or with anti-B7-l antlbo ^ 
present. /„R7-i + aB7-2), CTLA41g. or Clg. 

2) anti-B7-l and anti-B7-2 (aB/-i + 
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%f 7 de P icts *e frequency of alloreactive precursor helner T I™ ». 
«n MHC mismatched donor bone marrow treated with ^ITZ^^Z , ^ ^ (pHLT) 
cells (host) or third party cells and CTXA4Ig oTanltc^ ^ 

and C^A4I g , control immuno g lobul in (I g) or .^^^ 

, MHc^rirdi:; J^r^"^ T iy — ^ 

and an ti -B 7 -l antibody ( «B 7 -„ ^ 
antibodies (a-B7-l - a-B7-2), CTLA4Ig, or CIg. ^ ant, - B7 " 2 



20 



25 



30 



35 



substantial elinunation of at least on. T . n " «•>«=&»> "> or 

.ympholtine secretion o^^IXTCCe" ^ Pr0 " rm,i0 "- 
activity or antibody production by B ccU^T ' 8 " C "°° ° f Cy " > " ,Xic T 

Pi-as. ^biting 0^^^, ^ ^ 

of. T eel, ,„ an mIigen as well SE.TE^^ST^ 

antigen, also referred to herein *e *• ^ responsive in the T cell to the 

o « icicrrea 10 nerein as induction of anerev in th<» T ^*»n at .1 , - , 

rendered unresponsive or anergic t« » . -r CcH Whl ° h has been 

.iminated resZses (CZ^^ t ZZr^rr y " 
^antigen, in o. embodiment „ f me invent CZ^S^^T" " 

' S ,nhibiKd » « —My eliminate graft versus no^L ■ 

bone marrow transplant recipient. n ™sus Host disease ,n a 

-i^bitor or . rr^r ^ in *■ t - 

signal" interferes with hljv ,. agem wh,ch lntab "s Seneration of a costimulatory 

TCR/CD3 comZtntXToL * ^ ^ 

T „ . „ . p ra " s,Mes ^ ,0 ^ uce »>' mi's™ specific response by the T cell 

and/or B7- 2 ^eT ^ 3 T T" ^ " ^ ~* " BM 

on a B cell, on a " M) ° n * p ~™ in » ^«n to the T cell (e.g.. 

. a protessional antigen-presenting cell, or APC, such as a 

monocyte/ntacr^tage, dendritic cell or Ungerhans cell, or another cell ty~ whi ch can 
present antigen » a T cell, such as a teatinocy*. mtMm M „. 

oligodendrocyte,. Ugands such a, B7-, and B« which trigger a c^^in a T 
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/ r-TV^ are collectively referred to herein as 
; ™^ ' • ^ ^ vdy t0 herein as W^T - J-"- 

refened <o herein as a -cos.imula.ory blocfcng age ' ^ ^ ^n^, . 

rocerrtor on U>. T cell (or a rela<ed rector on ft. T ^» ^ 
sole form of ft. cos.imula.ory mo.eoule(s>. or an ^^Z^^ 
oinds ,o ehher fte recep.or or fte ^^J^^^Z^ form of .he 
irf.ioi.or is c™4-„nmunoglobuhn ^VT^^^ M m ore preferred 
CTLA4 rec«p«>r on T cells »luch b.nds .o bo* B_ 7-1 and ^ 
costimuhuory inhibi,„r is a combination of a. - „ generation „ 

anomer embodiment ft. «*— tc ^CD^d/or cnA«— *- 
or delivery of a cos.imola.ory s.gnal m a T cell by a a>a 

following subsections: 



20 L. 



25 



30 



35 



A. Antibodies _„„ n . used to inhibit an antigen specific T cell 

,„ one embodimen, of .he invention, an agenda ,„ , he melhods 

response can be an antibody <or = Type Culture CoUecio, 

of the invention are ava.lable m me art (e*. • „ lmmunol «h) or can be 

Rockville. MD. o, commercially, e.g., ft™ Bec.on D ^ ^ ^ 

by ^ts^^^s^ ° f — ' ob0Un 

refers to immunoglobulin molecules ana imm * spe cif,cally binds 

molecules, i.e.. molecules ma, s l uraUy ^ng — (e.g.. 

(immunoreacu «hh) an antigen. S^'^ > chains „„„ „,„ Ugn , (L) chains in.er- 
Ig O) comprises four polypeptide chams. mUgro .bi„ding function of an 

connect by disulfide bonds. I. has been f*~*££JL* -«-*• ^ 
antibody c be perform* by ^"S!!, *. » ■-*-»■■ 
^.en-binding fragment - — ^^^1 ^ include (i) an » 
Examples of binding ^™ H "^^* oroains; (», an Fd fragmen, listing of 
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ttctoques a^d .he fragment screened for ufflh) , ^ ^ 

5 mcj«*, ha™,g an ^ ^ ^ Punh 

Fv^en, are cod* for by separa* gHKS , a ^ J£ ^"^^ ^ 

':z 7 <kno ™ n 05 ** *- pv B « ~™ 

science 232.423-426; and Huston et ai. ( 1 988) /W^S 85 5879 sasm k„ ,. • 
n,e*„d ; Such sing, „.„ Mtibodies are ^ encor^^ ZtZd,. 

To prepare*, antibody specific for a molecule to be ^„ed in .he m .,h^r.K ' 
— (e.g.. a costing ^ecuie. an adhesion nK,^,^^™ 

"^"* d "t ° W < M or peptide as an "tive 

or asT^tid *£Z T^^T T T ^ " » — * - • <— ■ 

F^puuc poiymer. i he immunogen should contain an effective i™™,,*™ * 
of the peptide or protein (optionally as a conjugate linked " a!a^ er ) TeTT ^ 
of the irnmunogen per unit dose depends on/alng other ^^^S^ OI,1,, 

known n *e art. He imm unogen preparation will ty pically contain e id e concemrations 
of about , 0 myograms to about 500 m i,li g rams per immunization dose pJZ^urL 
myograms to about 50 milligrams oer dose An™ preterably about 50 

an adjuvant as nart of th. H" 7, immumzauon preparation can also include 

adjuvant as part of the diluent. Adjuvants such as complete Freund's adjuvant (CFAi 
incomplete Freund's adiuvant i-ip a * . a i aajuvant (<-rA), 

k. adjuvant (IFA) and alum are materials well known in the art and are 

available commercially from several sources. 

an imm!^ " ^ Pr ° tCin ° r fra « are suitable for use as 

eZ3° re g c e omb ^ ^ ^ ^ 38 ^ * ^ * « 

expressed recombmantly by conventional techniques known in the art, can be directlv used „ 

~:z s 0 r e t in *■ win appreciate ^ ^ usmg na r, y y used 35 

occumng forms of protem for tmmunization, synthetic peptides can alternatively be 
enjoyed towards which antibodies can be raised for use in this invention, ft ^ fied 

suT: ZZS ZT V M m ° dif,ed ^ "-^n-ousmate-als 

such l„ hp.ds or carbohydrates to enhance immunogenicity or solubility. Alternatively a 
punfied protem can be coupled with or incorporated into a viral particle, a replicalg v ^s 
or other m,croorganism in order to enhance immunogenicity. ,t is also possible toTnlZfze 
ZZT- 7 t Wh ° ,e CdlS ^ CXPrcSS 8 °" ^t wh^h ; 

oTrri^Zf (e : 8 - T CC,,S " Ce " S -lecules 

ot interest can be used as immunogens). As yet another alternaUve, it is possible to use 

nucle,c ac,d (,g., DNA) encoding the protein or peptide of interest as JLuJ^L so- 
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^"onal -* are V — - ** — ^rr" ^ 

ta.rapcri.oL OP) injecuons of an trnrnunogen -* - •*»-■ by 

combining about 1 ug to 1 mg of protein with re k i/5 ^ 

, solution intradermal* at mu.tiple site, One mon* - ^ ^ 
1/10 the original amount of immunogen m Freund s \ ^3 « 

adjuvant) by subcutaneous injection at multiple sites Seven to 1 4 

« and the serum is assayed for specific antibody t«er (e.g by ™ ££j ^ 
boosted until the titer plateaus. Also, aggregating agents such as alum can be us 

5 the immune response. ^ Axr molecules are referred to as 

Such ma^alian-produced popu.at.ons of t ^^^ iaamKUM m 
■■poiyConal- because the population eompn.es ant.bod.es w,th 

1 Cities for - - as protein A 

mammal (e.g, from the blood) and .solared by well . r , of lne antibody, the 

W chromatography, to obtain the IgO faction. To f^^T^^ phaS e-affl«d 

„ Kp «,,rified bv immunoaffinity chromatograph> usinfc. sono P n 

„ time soffit for the immunogen to—eac « ^ ^ ^ — 

solid phase-affixed immunocomplex. l ne douhu «u 

25 * «"oe,o„a! antibody or "monocional antibody composite" . * used 

herei, m portion of antibody m„,ecu,es tha, contah, only ^ s pe^^t 
antigen binding site. A monocional antibody ^^^ TJoL antibodies 
binding affinity for aparucuiar — 
,0 can be prepared using a techntoue whtch provdes for t p^ ^ ^ ^ 

by continuous cell lines in culture. These mciu m«.40*497: see also 

,echnio.ue originally — ^f^ XT*- «- 
Brown et al. (1981) J- Immunol 121.53M6, Bro 22:269-75) and the 

Yeh et a.. (.976) ^524:2927-31; and Yeh « * 0 W ** •* * ^ 

35 — recent hun^B-.^ 

EBV-hybridoma technique (Cole et ai. minim... 

Alan R. Liss, Inc., pp. 77-96), and trioma technique, ^ 
Thus, a monoclonal antibody can be produced by the following 
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inunune respond. r^J^^ZZF IT' " "°° m ' '""^ " »"*« - 
5 nuumna. is then n^^ed Lt^T ^ m or mouse. The 

nnnbody mol*1uT LuCv^ f " amma > - high 

- — , with . p^orrr^rzrT — - - sh ™ 

0 WAsus P erai °n°f™abody-producm* cells,. ■ «_ 

*°«ing the desired antibody i s then LJZ ?i **" ™ Ch mammal 

mouse, is sacrificed and somLTc a^boT^i **• *° ™™> <**■ 

producing ce,Is ma, be ^^^^T^ ~ 
Prtmed animals. Spleen cells are rZ f 7 TT. & "* Periph,!raJ blood ■* 

> celis in a physiologL^^ m^' *" ** " n " , " niCa,ly *- "Md-I 

'ymphocy^ give I highe pt™TuM 1 ^ ^ " «■ M °"» 

encoding desired inmnmoglobulins ^ immo^ ^ f"" «" <*™°*>mes 
cells, generally to u,e presence „ f , fJ^Z^, " T* M " S Wi ' h my "°™ 

number of myeloma cell lines may rjZ TTllT """""""^ *»" <«G). Any of a 
-hnioues; for examp,e. the P3.NS^1 Ag 4 " ^ " ^ 

lines. These myeloma lines are available! "-*M-Ag8.653 «r Sp2/0-A 8 14 myeloma 
(ATCC). Rockville. Md. "* T ">= Culture Collection 

S .iec,ive T merri:l\~ Ude **- **■"«- « *- *™ * ■ 
ci.s evemually die. ^ tTa cenl ^T"? « 

diluUon conditions to obtain Jat^n= s ™ **" * ""^ 
screened for me presence of antibody ttZ d2^£Z If™**- « 

techniques using the antigen th», h u speciticity, e.g., by immunoassay 

* subc,o„ed JZZ tZZ^ ' inUn,UiZa "- c«»nes « men 

be isolated. Various ™ n^^ eT£ ZTT " ™ 

monoclone ^bodies so „ w free ZTZ i P™ 1 ^"" <* «» 

Commonly used memcl f" "f^ , 0,h " - d 0,her «»«mimnts. 

P-ipitmion. ion «tate cnZaT 8 T 00 ^ 0 ""' *** "n™*™ 

- »W ,„ v(ra (in fluid) ^ £•» memods can be pmpagated 

-^^X"" ^""^ * -™ " for — * in 

ttu. vessels, and th, culture medium conuuning high concentrauons of a si^le 
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specific monoclor*l antibody cu, be h«ves,ed by decani fihrauon or 
A^Lauv..,, .he yield of monoclona. antibody can be enhanced by .njecnng . m*. of »e 
hybridoma into . hi«ocompa.ible animal of the type used » P»v* *■ "T" 
Jyeiom. cells for *. ori.pnd fusion. Tumors secreting the >^T^ 
pLuced by the fused cell hybrid develop in the injected animal. The body flmds of .he 
ZrTtl as asc.es fluid or serum, provide monoclonal .nobodies in hi* concents. 
ZThuman hybridomas or EBV-nybridomas are used. i. is necessary . avo,d rejecon of 
rrenZf. Ne«ed into anhnals such as mice, .mmunodencien, or nude «. may be used 
^ybrido Ja ma, be passa B ed firs. in,o irradia.ed nude mice as a »>^™ 
rumor. cuUwed in v«ro and ften injecKd i„rraperi,oneal.y into nnsume pnrned. .rrad.a.ed 
„»de mice which develop asci.es rumors s=cre,in B .»r 8 e amounU of specfic hum*. 

monoclonal antibodies. . 

Media and animals useful for the preparation of these composmons are bothv.ell 
known in the an and commercially available and include synthetic culture media. ,nbi*d rn.ee 
T^lZ An exemplary synthetic medium is Dulbecco's minimal essent>al medium 
and the like. An exe p ary y uppleme nted with 4.5 gm/1 glucose, 20 mM 

T^lTZl* «— mouse strain is the Balb. 

■""r^-ta P^uced in non-human subjects are used 

tney are recognized to varying degrees as foreign and an immune response =may g^d 
in L Patient One approach for minimizing or eliminating this problem, which » Parable 
in the pat ent . Un ™ ic derivatives, i.e., anubody 

to general tmmunosuppression is p ^.^ 

mnlecules that combine a non-h\iman animal vanaoie regiun oi 

r I^ies are me eouivalenu of me monoclona, and ^ -^^f d 
above, bu. may be less immunogenic when adn.inis.ered ,„ humans, and .herefore more 

25 likelv to be tolerated by the patient. 

Chimeric mouse-human monoclonal an.ibod.es (,e.. chimenc 

produced by recombinan. DN A .echnioues known in *. «t ^J^Tis 

„f, ^„r,ne (or other species) monoclonal antibody molecule is 

:~;r e 1™ : i~ re6i o„. ,« - — - 

Pub.ica«on PCT/US86/02269: Akira, =.a... European Pa.cn. Appl.cat.on .84 .87. 

Patent No. 4.816,567, Cabilly ai • 84-3439-3443; Liu et al. (1987) J. Immunol. 

Science 240:1041-1043); Liu et al. (1987) PNAS&w ^ 

6C ' e " " 0 . , /i qot\ PNAS 84*214-21 8; Nishimura et al. (1987) Cane. Res. 
139:3521-3526; Sun et al. (1987) PNAb * , 

42:999-1005; Wood et al. (1985) Nature 3J4:446-W9; and Shaw et al. (1988) 

^ f him^antibody can be further "humanized" by replacing portions of the variable 

region *- — . — 
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include isolating, manipula J g ^ ^ ^ — * 

part of an irnmunoglobulin vaLle ZZZZZZ ^ ^ ^ *" * 

Sources of such nucleic acid are weZo^rTthl , u ^ " ^ ^ 

be obtained from an and-CTL^ I "^v ^ ^ ^ ™ V 

chimeric antibody, or «Jl£^~i^ ^ ^ — * 
vector. Suitable "humanized" antibodies can bT^ " appr ° pnate ex P rcssi °" 

substitution (see U.S Patent 5 TlS^ZZ pr ° duced bv CD * <* CEA 

v~h„ , , 5 « 225 . 53 9 to Winter; Jones et al. ( 1 986) Nature 32 1 -552 

Verhoeyan et al. (1988) 5c/^ce 239:1534; and Beidler et al f 988. , / , ' 
4060). owaier et aj. ( l 988) J. Immunol. 14J.:4053- 
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4060). 
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As an alternative to humanizing an mAb from a mouse or other species a h„™ 
mAb directed against a human protein can be generated Tran^ 

92/03917; Lonberg, N. etal. (1994) AW* 368-856 LI r , r P ub,lcatlon 
Gene/ 7- n ? i - m« ■ o , 2M856-859; Green, L.L. et al. (1 994) Nature 

ggeman et al. (1 991 ) Eur J Immunol 21: 1323-1326: and ) 

skilled M ° nOCl ° na ' amib ° dieS ^ 3,80 ^ Pr ° duced b - v oth - methods well known to those 
•killed ,n the art of recombinant DNA technology. An ahemative method refZ. 
combinatorial antibody disolav" m ^tK^ u u ' reierre a "> as the 

fragments havine a o al , " deVd ° Ped * isoIate "tibodv 

M.3833). Aft„ lmmimKlng „ ^ ^ ^ imm 

DNA sequence of d. variable regions „ f . d^ „^ lio . „ f d,reC,ly 
™oglobulin ntoiecules ^ using . „ f oli 

nnxed obgonucleoUd. pHmers corresponding „ , leader (signal 3^^' 
^or^ewoH. , (FR 1 ) sequences, as well as primer to a conserved^ constan^negion 

■ nurnber of n,u™,e antibodies (La™* e, al. (im, i,^^ jj :152 . 156) g A J£ 
■MOT c™ abo t«„ used to ampKfv hunMm regions Z„ 

hu^ ^bodies .Larric. e,a,. <,„,, ifcfa* . ^ ,„ 
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u ^ t RNA ; s isolated from activated B ceils of, for 
As an illustrative embodiment, kjna is isuuucu 

protocols (e.g., U.S. P».cn«No. 3,2 «. W"*, j^ms-lMU First- 
« JWS (Ml 84:5728-5732; and *^ ( ^^J^ of the heavy 
^ cDNA is synced •» * — " 

chaMs) and each of the tc and X l.ght chams, as P ^ light chain, are 

Using -able region PCR ^f n ^^r^- -ors for former 
an.plif.ed, each ^ - - 1— - M 

rnanipulauon in generate the d.spla, P»clcsg=s . t „ „ ^ 

, .nnplification onxocols may h. umque or ^ te grated iM „ the 

positions. Restriction endonudease recognmon sconces rnay ^^^d 
JL» to allov, for the Coning of*, amplified <»*™»* mU> " Ve °'°"" P 
reading frame for expression. ...rived antibody repertoire can be 

The V-genc library cloned from the ™ m ^tous phage, to 

5 expressed b, .population of display phages vf^^M „ svslem « a,, 0 „s 
fl an antibody display Ubrary. Ideally, the display pac^geOTmpn ^ 

XT— Mailable kits for generatin^ge 

» Pharmacia ft—*- ^^^TJZ^ - reagents 

a^O-TM phage display lei, -^^££Zb„* dis p, ay libr ary can be found 
pearly antenabje for use - ~ 7^ 409; K „ g . a , Rational PubUcanon 

in, for example, Ladner et ai. u.a. rate qi/17^71; Winter et al. 

25 international Publ.cat.on WO 92/20791 M 93 , 0 , 288; Mc Cafferty et al. 

International Publication No. WO 92/01047. uarr m Fuc h s e tal. (1991) 

,2,09690; Ladner «. al. International ^ 81 " 85; «« « 

8,^^0/00.2:1370.1372; Hay et al. (1992) ^"'^ ^ u . 725 .„ 4; Hawkins etal. 

(,992) , W »/ Bio/ BfcU"* Clackson . al. ,9 ^ 

et .1. (1991) Ate ^cW Ses 12:4133-4137. and Bar lentous phage), the 

Once displayed on the surface of a ^^fT^^f, „ identify and isolate 
35 antibody Ubc is screwed with a protein, or * fTl^ne.eic acid encoding 
Phages that -press an antibody from the phage 

,he selected antibody can be recovered from the d»pl»y ^Wnan, DNA 
g.no.n.) and subcloned into omer express-on vectors by sumdard re 
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1e*«d expression ve«or or ph** Knome A-t^TT SUbsei < ueml >' "*»"<■ '"<- the 

5 N_ (1 990)m-552. 3 54, coZTT^vfZ!" 7^ ^ " 
flexible (Gly.-SerV, linker ZTZ/ L ^* ° f "tibody. joined by . 

■he T*T ** — 

8 ^P 3 "" 12 based °n antigen affinity. Isolated scFV antilw,,« 
unmunoreactive with a particular antigen can subsequently be foZ7S^ 
^ Pharmaceuucal preparation for use in the subject method. 

B Solubl * Proteins and Fusion Proteins 

— . - - — ^r^r^r 1 ' • T * — - • 

molecule on the surface of* „n ™* u ° r 3 a cos «imulatory 

un me surrace ota cell which presents antigen to the TppI i -n,- 

capable of inhibiting an interaction between the s^ o^ of l ^ , ^ " 

(and/or inhibiting an interaction between a reTa^TuX! ^ T "* * 
specificity and its lieand F„ , molecule having similar binding 

, J y 300 ,ls "gand (s)). For example, soluble forms of CTLA4 R7 i 9 nH n-, 
be used. A preferred agent for use in the inhibiting donor T ceH r^slt • h 

transplantation is a soluble form of a CTLA4 ™i , T ' 

vim or 3 <~ 1 molecule (in particular a rTT a /i 
■mmunoglobulin fusion pro,ein) which binds ,„ both B7 1 , ^ 

imeracion of B7-, and B7-2 wi,„ CD 2 « and/or C^4 * 

DNA « i ~^n n 0U, ' d r '" S ™ * -* "*» * — 

«ju pruiein expression techniques known in th^ art xwi 

nucleotide sequence encoding the extracellZdn T' ^ C ° mp ™ n S ' 

bound protein of interest a e i/iT^ domain <orp«uon thereof) of a surface- 
H'uicin oi interest (i.e., lacking the nucleotide <si»mi mM ~r *u 

cytoplasmic domains) can be isolated and clo^d t " d 
expression in prokaryotic or eukaryotic ^11x1"! ^ ^ 

appropriate host cell (e g E co7foZT " int ° " 

COS rwr. xrcn Prokaryotic expression; yeast or mammalian cells e o 

expLsi^th ' CUkary0tiC eXPreSSi ° n) «"» CC,1S « «*— low for 8 '' 

express.on of the protem encoded therein. The protein is then purified by standard 
techniques from harvested host cells or if tl™. ™. . • • standard 
media in which the cells are cu^T ' ^ " ""^ *» "* «*■ *» *• 

expressed^Zr 1 ""^ d<>main ^ ^ ° f ' P™"- car. be 

expressed tecombmantly as a non-iusion prottin, or more preferably i, ,»„,.._ « . 

~lvrTr T'T °. ^ P °' yPeP,i<,e «^"** **- » • — «• h^L 
«— pro.e,n refers ,„ a taon pro Mi » in vvhich U« sec nd. hcerolog us po^ude is an 
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m^unglobulin consuun region, o, portion .hereof. Immunoglobulin toon pn.UMnsh.ve 
Z> deUribed extensively * «— eg., U.S. Paten.No. » : <*" «£• 
Capon, DJ. « (M M— 532:525-531: and Aruffo, A. « a>. (1990) C*« 61.1303- 
1313) and typically include at least a functionally active hinge region. CH 2 and CH 3 

5 domains of a consan. region of an immunoglobulin heavy chain (e.g., human Cyl. <W 
Construct of a B7-1 -lg fusion protein and a CD281g fusion , sd^cnW . deuul 

Unslev PS etal (1991) J. Exp. A&rf 121:721-730. Construction of a CTLA41g fusion 
i^'l, tSbtd <- dclil in Li„s.ev, P S. et al. (.991)7. ftp. 1~ 121:56.-569 1 
C^um, CD. e, al. (.993) Proc. No,/, &t U» 20,6586. Other lg fuston prote,ns (e.g., 

10 B7-2-Ig) can be similarly prepared. 
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C Additional Blocking Agents At^t^rtinn 
AlKmative to an antibody (or fragment thereof), soluble receptor or hpnd (or pomon 
thereof,^ molecules which inhibit interactions between cel. surface molccu.es are «d» 
^scc/pe of the invention for use in inhibiting T cell response, For example^ a pepude. 
pepUde mimeuc. or other form of small molecu.e (such as a drug) vvhtch mh.bns an 
Interaction between a receptor and a costimuuuory molecule can be used to nh.b„ a 
Limulatory signal in a T cell. Similarly, a peptide, peptide rmmeuc or other form .of small 
module (such « dmg) which inhibits adhesion or a T cel. to a cell presenung am,gcn to 
m eT cell or inhibits an interaction between a T cell grow* factor and m receptor on T 
Xan be used as a second agent in conjunction win, a cessation inhibnory ,ge„, to 
inhibit a T cell response. 

D. Intracellular Agents imrarpllularlv to 

in other embodiments of the described method, an agent which ac,s 
interfered, the formation of an intraceUular signaKs, associated with a pan.cular s,gn 
SU,^ - be used to inhibit a T cel. response. F„, examp e, a cosumulauon 
SLZ agent as /escribed herein can be an agent** — ~ ^ 

CD28- or CTLA4-associated signal transducfon pathway. CD28 sumulauon n 

M in pmtein tyrosine phosphory.„ion in T ce..s (see e.g.. 

0 „ 2 ), *p. i« 125:95.-960; Lu, V. « a, 

a tvrosine Kituse inhibitor, such as ^ lunula tory sign* in the T 
signal uansducUon — ' j^^— . P— V - be inhibited using an 

Inetamountofm.— ^ 

associated with CD28 ligation include increased phosphohpase C act.v«y (see e.g.. 
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T tl™! ^ 22W33 - M2 > «• tawcellular calcium levels (see e g 

^ J A - «-• <"»») *W25:153.- I5 39). Accordingly, .. ^ ^ Lbi B 

""^ ^ inh ""* S inCreaSK inrace,U "» «*■"- levels can be used 
to inhibit the generation of a costimulatory signal in a T cell. 

£ Compositions 

The agents used m v.7r 0 according to the described methods to inhibit a T cell 
response can be formulated into pharmaceutical compositions suitable for administration /„ 
v.vc to a ,bone marrow transplant recipient following transplantation. Accordingly another 
aspect of the mvention pertains to pharmaceutical composition, A preferred compoTidl of 
the mvenuon comprises a CTLA4Ig fusion protein, in an amount effective to inhibi^ T ceH 
response, and a pharmaceuticaliy acceptable carrier. 

The agents of the invention are administered to subjects in a biologically compatible 
form suttab le for pharmaceutical administration ,„ v/vo to inhibit a T cel, Lponse By 
btologtcally compatible form suitable for administration /„ v,V 0 " is meant a form of the 

e^JcTof * " ^ CffeCtS -* ° UtWCighed * the Aera P^ic 

effects of the hgand. The term subject is intended to include living organisms in which an 

immune response can be elicited, e.g., mammals. Examples of subjects include humans 
monkeys, dogs, cats, mice, rats, and transgenic species thereof 

Administration of a therapeutically active amount of one or more of the agents 
descnbed herein is defined as an amount effective, at dosages and for periods of time 
necessay to achieve the desired result. For example, a therapeutically active amount of a 
CTLA4Ig fus.on protein may vary according to factors such as the disease state, age sex and 

:: iv i; r dividual - -* ** amty of ^ **» — » ^ * ~ it 

md.v.dual Dosage re gl mens may be adjusted to provide the optimum therapeutic response 
For example, several divided doses may be administered daily or the dose may be 
proportionally reduced as indicated by the exigencies of the therapeutic situation 

The active agent (e.g., antibody and/or fusion protein) may be administered in a 
convement manner such as by injection (subcutaneous, intravenous, etc.), oral administration 
•nhalauon, transdermal application, or rectal administration. Depending on the route of 
admrnistrauon, the active compound may be coated in a materia, to protect the compound 
from the action of enzyme, acids and other natural conditions which may inactivate the 
compound. To administer an agent by other than parenteral administration, it may be 
necessary to coat the agent with. or co-administer the agent with, a material to prevent its 
macnvauon. An agent may be administered to an individual in an appropriate carrier or 
diluent co-administered with enzyme inhibitors or in an appropriate carrier such as 
hposomes. Pharmaceuticaliy acceptable diluents include saline and aqueous buffer solutions. 
Enzyme mmb.tors include pancreatic trypsin inhibitor, diisopropylfluorophosphate (DEP) 
and trasylol. Liposomes include water-in-oil-in-water emulsions as well as conventional 
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liposomes (Strejan gt eL, 0 984) J. Neurotmmmol 1:27)- D^ons c. also be prepared in 

cSns of and use, these preparations may eont»n . V-—™ .0 prevent the 

5 ^ ^^^positions suitable for N^. - ^ s«ri,e aqueous 
soluuons (where w«er so.ub.e) or dispersion »d sterile powders for the «»»"»™^ 
^ii of sfcrile iniecubl. solutions or dispersion, in all cases the common must be 
LL and must be fluid to the extent M e*ry stability ex.su, I. must be su>ble under 
Tllons of manufacture and storage and mus. be preserved against the con— g 
,0 action of microorBanisms such as ba«eri. and fungi. The earner can be a solven or 

medium containing, for example, w«er, an isotonic buffered «ta. solutton, 
JET polyol (for ex^ple, glycerol, propylene glycol, and liquid polygene glycol, and 

suitable milres .hereof. The proper fluidity c. be mainuUned, for example^ 
by *e use of a coaUng such as lecithin, by the nuin.en.nce of me required pan.de « m me 
„ L f Version and\y me use of surface. Prevent of *e action of _an, sms 
can be achieved by various antibacKria. and antifungal agen.s, for example, paraber^ 
chlorobutanol, phenol, ascorbic acid, mimerosal, and me like. In many cases, „ wul be 
preLble ,0 include isotonic agenu, for example, sugars, po.yalcohols such as mam.ol. 
sorbi.ol sodium chloride in the composition. Prolonged absorpfoo of me <*>°f*° 
2 0 commons - be brough, abou. by including in me composition an agen, wh,ch delays 
absolution for example, aluminum monostearate and gelatin. 

Sterile injecle solutions can be prepared by incorporating me acuve agent m the 
required amount of an appropriate solvent with one or a combination of .ngredtents 
3l«rLve. as required, followed by filtered sterilizafon. General*. d,spers,„n» » 
25 ntrporating the active compound into a sterile vehide which contatns a ba,, 

" q^sion rnediuTand me required outer ingredients ** 
case of sterile powders for the prep^tion of sterile injecuble soluuons th p-fc-d 
memods of preparation are vacuum drying a*i freeze-drytng whtch ytelds a powder of the 
"wetg^dien. (e.g., protein) plus any additional desired ingredient from a prev.ously 

30 ^""pomrd is suitably proved, as desenbed above, the ^und 

35 delaying agents and the „ ^^ona! media or agent is 

«aih<rtances is well known in the art. txcepi ln&uiai j 

with m. active compound, use u*reof in the therapeutic eompostuons ,s 
cTternplafcd. Supplement acUve compounds can also be incorpor*«d mto th. 

compositions. 
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It is especially advantageous to formulate parenteral compositions in dosage unit form 

STL" l ad : lnlStrati0,1 «» ° f d °^e. Dosage unit form as used refers 

to phys.cally d.screte uruts suited as unitary dosages for the mammalian subjects to be 
treated; each unit containing a predetermined quantity of active compound calculated to 
• Produce the desired therapeutic effect in association with the required pharmaceutical carrier 
The spec lfi cat,on for the dosage unit forms of the invemion are dictated by and directly ' 
dependent on (a) the unique characteristics of the active compound and the particular 
tepeu* effect to be achieved, and (b) the limitations inherent in the an of compounding 
such an active compound for the treatment of sensitivity in individuals. 

& Usss of the Invention 

The methods of the invention can be used to inhibit T cell responses in vitro by 
contoctmg a T cell with a costimulation inhibitory agent as described herein. Accordingly 

w^T C °TT" hCrein ^ imCnded t0 inC,UdC inCUbati <* <« «*■*«> a T cel'l 

destrable to inhibtt an unwanted T cell response, as described in further detail in the 
^bsecnons to follow Additional*, in one embodiment, the methods of the invention induce 
anugemc nonresponsweness m a T cell that persists after cessation of treatment (i e 
antigenic nonresponsiveness persists in vivo after contacting T cells in vitro with a " 
cc.umul.ti on inhibitory agent). Thus, the methods of the invention are useful for inducing T 
ce 1 anergy. thereby providing a means for long-term inhibition of T eel, responses withou! 
*e need for chrome generalized immunosuppression of a subject with its attendant 
deleterious side effects. 

di_ ^ ° fthe inVemi0n Particular, y use ™ ^ inhibiting graft versus host 

*sease which result, from allogeneic bone marrow transplantation. „ has previously been 
observed that the presence of mature donor T cells within a bone marrow graft is beneficia, 
both for successful engraftment and for a graft versus leukemia response. However the 
presence of mature donor T cells in the graft induces GVHD. Responses of alloreac'tive 
donor T cells can be inhibited by contacting the T cells in vitro with a costimulation 
■nhibitory agent (e.g.. a costimulation blocking agent, such as a combination of an anti-B7- 1 

TtZZTT^' ° r CTLA4l8) - SUCh , «— 1 ^ —« T ^ <° «* P-ent 
within transplanted donor cells, thus avoiding GVHD and promoting bone marrow 

engraftment. Moreover, T cell unresponsiveness to alloantigens is induced, thereby 
lading long-term inhibition of T cell responses without the need for continuous treatment 
of the bone marrow recipient 

Because the T cells to be inhibited in a bone marrow transplant situation are donor T 
c*ls which «e available /„ vitro prior to transplantation, alloreactive donor T cell responses 
can be be mhtb.t*! ,„ vitro, or inhibited in vitro followed by an ,„ vivo treatment regiment 
Accordmgly, graft versus host disease in a bone marrow transplant recipient is inhibited by 
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M a p^on of donor T -J^^TS^ - - 

pouter source wh,ch *m **«»»™ . J^uUKory sig«a in a donor T coll. In one 
anugens) and 2) an agent wh.ch mbrbtts a c ° so ™" "J CTLMIs felon protein. In 

embodiment, the agent ««* MM. ' — ^B^bod, ( or fragment therof,. l» 
mother embodiment, the agent ,s an antt-BT-1 « mlib0(1 md „ 

. much preferred embodiment the agent.* a combmauon of an ^ ^ 

me cells are irradiated and/or treaud with ^ inhibitorv .,e„t(s) 

,„ the method, the W^^^*^ lor =e..s used in the memod 
incm de mature donor T cells. *— „ c „ te lransplaB ,ed into the 
em be. for cample. - — »* — 

S recipient which have bee e d^ ^ ^ _ ^ 

mature donor T cells can De aon r v peripheral blood T cells or 

„f donor T cells. When non-bone «T^^J^„ conuctE d with the inhibitory 
splenocytes) are used as the source of rnature T cell ^ ^ 

agen.Cs,. the ^-t ^I-. dono, T ce„s in which 

» bone marrow ^.^T^^, vi ,„ culture of donor cells wi,h cells 

alloreactivity has been militated), l-ouo J, administered .o 

easing recipien. a..oan,g=ns and .nhAuory ^ te marrow cells. 

,he recipien, (if me donor cells used ,n me '» «'™"^ „ f malure donor T cells. 

e.g.. if peripheral blood cells or splenocytes are , 
25 Jen T-ce,l depleted bone ^f 1 ^^'^^ admimsuauon of dono, ccl.s 

ln mother embodimen ~ L inhibitory agen, ( s,. That is. a 
,o the ^Xnttered , the recipient alone o, with a anothe, 

costimulatton mhtb.tory agent can | osoolir ,e A| or only the 

agent, such as an immunosupresstve agent (e.g.. cycle p 
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experiment, 1 x 1(>5 responder T cells were mixed with 1 x 1 0 5 irradiated MUr „• 
PBLs in the absence or presence of CTIA4I„„ irradiated MHC disparate 

CTLA4Ig or control ,g prMeill p^r"?!" * 0 " ,y " U * in8 

the addition of CTLA4I* Ih " pr ° hferat,ve res ^e on around day six . In contrast, 

auaiuon ot CTLA4Ig abrogates most of the proliferative resigns* t« th. . , 
and proliferation never rises above a basal level BothT Z T ^ CeUs 

cultures produced large amounts of IL^ 7l T» T ^ C ° ntr01 Ig 
the T cell proliferation The PTT It ' 000 Pg/ml) ' a Cytokine to be re quired for 

«20 pg/mV The CTLA4Ig treated cultures failed to produce any detectable IL-2 

individiriis::; ^:r::^r r between hla — 

either B.l.w.ereasanti-B^^::^ 

anti B7-1 andanti R7 ? mA k ,,n , fuuicrauon oy 70 / 0 . The combination of 

x*. . ertect. The combination of anti-B7-] and ami R7 o 
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(B) This experiment demonstrates the utility of CTLA4I B in a »™ 
derived svstem i„ . j *-/v*ig in a bone marrow 

rived system. In th ls system, donor bone marrow (5 X 1()4 cells) was mixed ^ 

cells prev,ously transfected with either human B7-1 or human B7 2 (5 x 1 Z Z 

dhJ^TT i. V ' m ' Xed W " h " BLS < 1x1 ° 5 > »°n, a fully MHC 

d*para,e ^.v,^,. ^ stimu , Mor ^ ^ ^ u^aLemwi* 

rn,,„n,yc,„ C „, by taxation before additav All of .hese experiment wl^Zed 

^ a odT e or t of ^ ™ ,io,,s ° r cti - a4, « - *• ^"r„ 

Jl^ , T PH1 -* ym """ e ove ™<S"< "»«« °»y* 2 and 3 of culture. I„ „ he „ 
*ym.d,ne overntght benveen «„. 4 _ . of cullure ^ ^ «* r "I 

^on«d „,«, the dividing responder T ce U , defined .heir M of prohfenL, These 
™* norms were chosen because they to. been fmiaal , „"„, ^ ~ Ttec 

pn.hfer.non maxima. The „ sulB of ^ _ ^ 
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where the line labeled PBLs represents the data obtained with the allogeneic stimulators and 
the line labeled t/B7-l or t/B7-2 represent the two transfected cell lines as costimulators. 
This data represents the mean data from six experiments. 

Figure 3 A shows the inhibition of donor marrow proliferation by amounts of 
5 CTLA4Ig below 1 ug/ml. Treatment with 0.0 1 ug/ml of CTLA4Ig had no effect on the 
proliferative response of the donor bone marrow. Treatment at doses from 0.1 to 1 .0 ug/ml 
greatly reduced the proliferative response to the two transfected cell lines and reduced the 
proliferative response to the allogeneic PBLs to background levels. Figure 3B shows 
inhibition of T cell proliferative responses at CTLA41g treatment levels from 1 to 10 ug/ml. 
1 0 The proliferative response to the human B7-1 transfected cells is completely inhibited by 
CTLA41g levels of between 2 and 5 ug/ml. The proliferative response to the B7-2 
transfected cells and to the allogeneic PBLs is completely inhibited at CTLA4Ig levels of 2 u 
g/ml and 1 ug/ml, respectively. Since the proliferation driven by the allogeneic PBL was 
almost completely inhibited by 1 ug/ml of CTLA41g and was completely inhibited by 2 u 
1 5 g/ml CTLA4Ig, a dosage of 10 ug/ml of CTLA4Ig was selected for use in all subsequent 
experiments. 



v.x ample 2; ffl ff f i™ri* »f b? family mediated HMtltimlntion wrifiniWy inhibits 
20 proliferation u pn- ^challenge with donor hnt not third party 

aHoantigen 

To determine whether agents which block proliferation in a primary MLR inhibit 
proliferation upon rechallenge in a secondary MLR, the following experiment was performed. 
25 Normal peripheral blood cells mononuclear cells were cultured with irradiated 

(2500cGy) normal donor peripheral blood mononuclear cells of fully HLA mismatched 
subject in the presence of an anti-MHC class II antibody, an anti-lCAM-1 antibody, 
cyclosporin A (CsA), CTLA4Ig, an anti-B7-l antibody, an anti-B7-2 antibody, or a 
combination of an anti-B7-l and an anti-B7-2 antibody at a final concentration of 10 
30 cells/ml. The antibodies and CTLA41g were added at a concentration of 1 0 ug/ml. 

Cyclosporin A was used at 10"3 M. The cells were incubated for 6 days, following which 
viable cells were isolated and rechallenged with irradiated allogeneic cells from the original 
donor or from a third party donor. No blocking agents were added to this secondary MLR. 
Proliferation was examined daily for 7 days by pH]-thymidine incorporation assays. 
35 The peak proliferation for each condition are represented in Figure 4. The results 

indicate that when only media had been added to the primary MLR, a typical secondary 
response ensued characterized by significantly greater and earlier peak proliferation against 
donor compared with third party alloantigen (peak at day 3 versus day 6, respectively). 
Addition of CsA to the primary MLR prevented the secondary response and resulted in 
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decreased levels of peak proliferation against both donor and third party on day 5. Addition 
of anti-Class II or anti-ICAM-1 mAbs during the primary MLR resulted in equivalent levels 
of secondary proliferation against both donor and third party that peaked on day 5 and 6. The 
absence of a secondary response following blockade of antigen recognition or adhesion 
demonstrates that alloreactive T cells to alloantigen. In contrast, complete blockade of B7 
family mediated costimulation during the primary MLR with either CTLA4-Ig or the 
combination of ami B7-1 and anti-B7-2 resulted in markedly decreased proliferation to donor 
but had no effect against third party. Therefore, complete blockade of B7 family mediated 
costimulation but with intact alloantigen recognition and adhesion is necessary to induce 
alloantigen specific anergy. 

JEKAMHiB 3; Maximal hYnorrsrmmivmeaa induct h v hiork a d> n f B7-i and 

B7-2 COHtilBMtation is achieved within 36 hour* 

This example analyses the time of inhibition of costimulation required to obtain 
maximal hyporesponsiveness for different agents blocking costimulation. 

In this example, the same assay as that used in Example 2 was used. Cells were 
cultured in a primary MLR with the addition of anti-B7-l . anti-B7-2, a combination of anti- 
B7-1 and anti-B7-2, or CTLA4Ig. After various times, viable cells were isolated, re- 
challenged with irradiated cells from the original donor with no blocking agent added and 
proliferation assessed daily for 7 days. Peak proliferation obtained on any day in the 
secondary MLR was assessed by [ 3 H]-thymidine incorporation. 

The results are presented in Figure 5. The results indicate that addition of anti-B7-l 
mAb in the primary MLR resulted in only modest inhibition of proliferation on rechallenge 
whereas the addition of anti-B7-2 mAb was significantly more efficient. The maximal effect 
of anti-B7-2 mAb occurred by 36 hour in primary culture whereas with anti-B7-l mAb this 
was not observed until day 6. Maximal hyporesponsiveness required blockade of both B7-1 
and B7-2 by the addition of either anti-B7-l and anti-B7-2 mAbs or CTLA4-lg and was 
achieved within 36 hours. Addition of isotype matched control mAb or control-Ig fusion 
protein had no effect. 

Thus, maximal hyporesponsiveness was obtained by incubating the cells for 36 hours 
with anti-B7-l and anti-B7-2 antibodies. 

Ceni3 wwi m./kff g 



This experiment assays whether CTLA4Ig or anti-B7-l and/or anti-B7-2 antibodies 
induce anergy in donor T cells to the alloantigens on recipient stimulator cells would 
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lead „ the develops, of. subset, hypo responsiveness » *■ — -»"» 

affecting the ability of the donor T cells lo respond to third p»ty antigens^ 

L-MV i» » — *■* sibling MLR is a poor predictor of subsequent ^GVHa 
b> contain HLA Mentical sibling BMT recipients, a high frequency of alloreacave donor 
p^socL win, subsequent development of « OVHD CTheob-d, £ « al. 
?i992> /V £M< J «W 322. 1613; Schw»«r, A.P. et »1. (1993) Lance, 341. 203). 
Sol frequency* precursor Helper T Lymphocytes (pHTL) in HLA matched 
X « ^Leof B7 famiiy medial cos— n during the prim*, cu lnJ re 

"ICator ce.ls a, 1<>6 cells/well were irrediated <25 G„ and mixed win, l# 
-b-dL- responder cells from fully HLA match* siblings^ 
,0, 36 hours in the presence of media alone or with an„-B7-l mAb 
1 mAb and anu-B7-l mAb, CTLA4Ig. orconuol immunoglobulm (CIg) the eeH wer 

mAO M d ^ the cuimre was contmucd for a runner 

irradiated (25Gy) and CTLL-2 cells were aoacu „„,„,;„„ for the last 16 hours 

, 24 hours. Proliferation wa, assessed by tritiated thymidine '"^^ ' ve tor IL . 
or the assay. pHTL frequencies were calculated from the propomon of wells nega . 
"1*JL by HmiUng amnion analysis (Tasweli C. (1981) J*—-* 1* 

P The results are presented in Figure 6. As repotted by others, pnor » an, 
Ration me pHTL frequency in fully HLA matched patrs ^range £-U* x^O 
n 10-7 Culture with media during primary summation d>d no alter this frequency^ i. P 
« A .de of B7 flily mediated ^stimulation by either the addition of the combination of 

pHTL frequency agains, -or - — ~ ^ ^ pHTL frequencies 

associated with development ^ °™D. ^ ^ MLR$ ^ 

Since the presence of ant,-B7-l and ant. ' n HTL frequency against donor on 
f»„y HLA matched siblings results in '*™™°*^Zs^ J MLR from fully 
rechallenge. the effect of these agents on pHTL ^"f* mism atched 
30 HLA mismatched individuals. ^^^Z^^ — — " 
combinations of donor bone manow and moated allog ;„ ^ nce of 

foilows. Donor .narrow and stimulator ceHs were „ ubody , or 

either CTLA41g. isotype m«ched eomro. Ig protein. Unonodon 
cyclosporin. A. The resuhs ofthese expenmenu - rf ^ MMrol 

35 Incubation of ^££££^1^ « « — " *" ^ 

Ig cyclosponne A, or CTLA4lg tor ei ^ tfeannen t 

of boi« nwrow cans. Identical ^ ^ „ «. donor 

as in the united, freshly P^r^JtT^^ of alloreacuv. precursor helper 
marrow/stimulator cell mixture with CTLA41g. the rreq 
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©FUME 

BFU-E/1 00.000 bono morrow colls 



[Direct assay 



TABLE 1 



Pationt 

J? 
* 
2 
3 
4 
5 
6 




LTCIC assay 
Patient p re 
* treatment 



Media 



1 

2 
3 




CFU-GM 

CFU-GM/1 00,000 bone marrow cells 



CTLA4lq 



2.3 
23.2 
13.7 
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_ . rn AATo is imoortant because it has oeen aemuuau» 
anergized by treatment with CTLA4Ig is imponan abated with the 

. . m<mt of oVHD after bone marrow transplantation is directly assocm 
development otovnuaiwi . were calculated using a 

ft«,uency of the population of T cells. Donor pHTL frequencies were cat 

This assay is very sensitive and measures the production of IL 2 byth 
cells in response to various stimulators. The proliferation of the CTLL cell 

00 IL " 2 ' , v, the nHTL frequency found in the donor marrow after anergization for 

Figure 7 shows the pHTl ' mt m ^ flgure presents the 

48 hours in the presence of 10 ug /ml of CTLA41g. ^ stimulalor ^ 

data obtained from a different donor marrow MHC of approximately 10* 

pair. Untreated cells incubated in media alone show a with *e pHTL 

Then tested against the origina, stimulator cell p H --t donor 

freouency expected for a ^^^^^^ in the P HTL 
m arrow anergized by *^™*^2£Z*to (approximately 10-). The 
frequency when tested agamst the JT^^ ^specificity of the reduction in 

reduction in pHTL frequency » approximately 1 000 fcUL P ^ 

pHTL frequency towards the allogeneic — « ^h the bone marrow and 
frequency against third party against me third party ceils ,s 

me original f^^^J^ for the response of anergized donor 
approximately 10-. The pHTL trequency unneaced marrow. This 

m L» against .hird pany ceiis is comparab.e w,th *a< 

demotes that the anergization of the dono, T^^ZLaJL to the 

r <-xT A4lo results in the generation of a hypo responsive 
in the presence of CTLA41g results in g - veness to ot her alloantigens. The 

tolerizing stimulator cells but has no effect on the of 
specificity of this induction of alloantigenhypo ^T^Ji^^ ^body to the 
, . **u <-tt a AT a was shown by testing the ettect 01 a muuu 

ty^s is corbie to that «" 



20 



25 



30 



35 



l) ' «, u ^Monnfisotvoe matched control Ig protein (10 ug/ml) 

As shown in Figure S, the adduion during the entire incubation 

or cydysporine A to the ^st the original stimulator cells, 

period had no effect on the pHTL frequency when demonstrating that 

The P HTL freouency - £ ££££ — ™» was not 

the dramatic reductton seen in pH I L trequency 
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due to the effect of the Ig sequences, nor was it due to a eeneral i mm , 

obtained with cyclosporin A. '^^suppression as can be 

In another example, the efficiency of anti-B7-l ami R7 -> „ e 
anti-B7-l and anti-B7-2 in decrease the dH^ * COmbination of 

5 donoralloanUgenonrechaH^ 
aW. -eresultsarepres^ 

mAbs alone had only modest effect on „htt a- 7 ™ti-B7-l or anti-B7-2 

inhibited proliferation during <«*™„w» u „ sA 171 ^ P nmar y culture 

the primary culture no decrease i„ nWn ^ CTLA4-Ig were added to 

observed^* CIl££Z^ W ^ ~ " ^ ~« « «* — 

there is a requirement for ^ a TCR H C ° nSiStem 1116 hyP ° thesis *« 

s «cmem lor both a TCR mediated signal and blockade of R7 ^ -i 

costimulation to induce alloantigen specific anergy 

of^i;Tirar; B T~ donor r™- stimu,ator cen ^* • — 

total numbed cT^^J^ ^ ^ <° ha ~ " «*« °" the 

alloantigen specifl hvrT ^ P™ 0 * 0 ' Md to induce a 

anugen specrfic hypo responsiveness to the stimulator celU tk;^ 

remains at normal levels in the anti-B7-, and anti-B^ o CTL A ^ ' 

studies show that the anereization of Ho CTLA4Ig treated marrow. These 

cuucnon in pHTL sufficient to reduce or eliminate r,v«n c _u 

anti-B7- 1 and ami B7 9 »ntiK .r eJ,m "»te GVHD. Furthermore, the combination of 

recipient «lls and in decreeing *mZJ£? "" ""^ ^ 

This experiment wa s exacted to determine the effect of tte.rn.ent with CTLA4L „„ 
~U l,„eage Precursor or aem cell, present in donor nam(w ^ ^"f « 

•ssays and long term colony initiati™ cell fLTrir-i . P°l»uM">n. Colony forming 

before treame™, after mcuLonTm^™ o^HLT" ""t"* d0n ° r mam> " 

*nl) or CTLA4Ig (1 0 „gta|) BrieftvT IT , ^ S ° OC ' " """"" Ig pro,,!in (1 0 " 
„ t 6 \ wmi). Briefly, the marrow sample was washed extensively the 

"•ble eel, number deKrmined. and the cells pla^d at 1 00,000 ceUs/m. in meJlce^uL 
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m edium which contained growth factors appropriate for human cells. These assays were set 
up in triplicate for each patient's marrow sample. After 10 days of incubation^ *e number of 
erythrocytic (BFU-E) and myelomonocytic (CFU-GM) colonies were counted. The LTCIC 
colony forming assays were performed using a limiting dilution analysis. The donor bone 
5 marrow sample was washed and dilutions from 40,000 to 625 cells were added to nucrotiter 
wells previously seeded with 3000 irradiated stromal cells. After 5 weeks in culture, the cells 
were gently trypsinized to release cells and then methylcellulose medium containing growth 
factors was added to each well. The appearance and number of BTU-E and CFU-GM 
colonies was measured after an additional 10 days of incubation. These results are shown m 

10 Table I for six of the patient samples. 

The direct colony forming assay shows that there are similar numbers of BFU-E and 
CFU-GM precursors in all six patient samples tested regardless of whether the assays were 
performed on donor marrow before treatment or after culturing donor marrow with trrad.ated 
stimulators for 48 hours in the presence of medium alone or in medium containing control Ig 

15 or CTLA4Ig. Similar results are seen in the three patient samples tested by the LTCIC 

methodology. This method is a more sensitive measurement of damage to stem cells than » 
the direct colony forming assay. All three patient samples tested have similar numbers of 
BFU-E and CFU-GM colony forming units after treatment as did the fresh donor marrow 

20 ^"The experimental data presented in Table I shows that the culturing protocol 

developed for the anergization of donor bone marrow to sensitizing alloanUgens by Ae 
treatment with CTLA4Ig had no detrimental effect on the donor bone marrow. The donor 
bone marrow had the same number of cells before and after treatment. The donor bone 
marrow retained a full complement of lineage specific blood cell precursors as demonstrated 
25 in both direct colony forming assays and in the more sensitive LTCIC assays. However the 
donor bone marrow exhibited a dramatic and specific decrease in the respondents to the 
sensitizing alloantigens while it retained a full ability to respond to third party cells. Th.s 
"ss of responsiveness of the donor bone marrow to the sensitizing cells after treatment wth 
CTLA4Ig was as expected based on previous ,„ .rro and in v,vo studies. The ioss of onor 
30 marrow responsiveness to the sensitizers suggests that transplantation of sumlarly treated 
Zow into the appropriate recipient will be safe for the transplant recipient and may result 
in a reduction or elimination of acute GVHD in the transplant recipient. 
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Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following claims. 
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CLAMS 

* 

1 A method for inhibiting a response by a T cell to an antigen, comprising 
contacting the T cell with and agent which inhibits a costimulatory signal in the T cell, 

5 thereby inhibiting the response by the T cell to the antigen. 

2 The method of claim 1. wherein the agent inhibits an interaction between a 
receptor on the T cell and a costimulatory molecule on a cell presenting antigen to the T cell. 

10 3. The method of claim 2. wherein the receptor on the T cell is CD28. 

4. The method of claim 2, wherein the receptor on the T cell is CTLA4. 

5. The method of claim 2, wherein the costimulatory molecule is B7-1 or B7-2. 



15 



6. The 



method of claim 2, wherein the agent is a soluble form of CTLA4. 



7. The method of claim 6, wherein the soluble form of CTLA4 is a human 
CTLA4-immunoglobulin fusion protein. 



20 



8. The method of claim 2, wherein the agent is an anti-B7-l antibody, or 

fragment thereof. 

9 . The method of claim 2, wherein the agent is an anti-B7-2 antibody, or 
25 fragment thereof. 

10 . The method of claim 2, wherein the agent is an anti-B7-l antibody and an 
anti-B7-2 antibody, or fragments thereof. 

30 1 1. The method of claim 1. wherein the agent acts intracellular* to inhibit 

generation of a costimulatory signal in the T cell. 

n A method for inhibiting graft versus host disease in a bone marrow t^splant 
^ipi ^ comprising contacting a first population of cells composing donor T cells „ 



35 with: 



a) a second population f cells which express recipient alloantigens; and 
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b) an agent which inhibits a costimulatory signal in the donor T cells 
the agent thereby inhibiting a response by the donor T cells to the cells ZZ^s 
recent alloantigens such that, upon administration of the fir* popullt of LITthe 
bone marrow transplant recipient, graft versus host disease in the » 

13. The method of claim 12, wherein the first population of cells is selected <™, 
a group consisting of bone marrow cells, peripheral bloodTlls and sp^ol^T 

14. The method of claim 12, wherein the agent is a soluble form of CTLA4. 

PTT a J- 5 " Th ! mCth ° d ° f Claim 14 ' wherein *e soluble form of CTLA4 is a human 
CTLA4-immunogIobulin fusion protein. 



16. 



fragment thereof. 



The method of claim 12, wherein the agent is an anti-B7-I antibody, or 



17. 



The method of clai m , 2 , wherein the agent is an anti-B7-2 antibody, or 



fragment thereof 

anti-B7 Ltih^ ^ ^ ^ ^ " M «d an 

anti-B7-2 antibody, or fragments thereof. 

of cells lithe .ST"* * **** ******* *» P"I"**» 

recipient 0 ' ^ ^ ^ Cl3im ' ^ ad ™- g the agent to the 
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FIG. 2 
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[3h] Thymidine incorporation 
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FIG. 4 




[3h] Thymidine Incorporation 
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FIG. 5 




[3H] Thymidine incorporation 

(cpm x ICT 3 ) 
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FIG. 8 
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